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CALCULATION OF ACTION LEAKAGE RATE THROUGH THE LEAKAGE
DETECTION SYSTEM UNDERLYING A GEOMEMBRANE LINER.

OBJECTIVE

In accordance with Part 254.302 of the USEPA Code of Federal Regulations, determine the
action leakage rate (ALR) that a leak detection system (LDS) can remove, and not allow the
maximum fluid head on the bottom liner to exceed 1 foot. The ALR shall be given as an average
daily flow rate in gallons per day per acre for each sump associated with the LDS. The
calculation shall include a margin of safety sufficient to allow for design uncertainties,
operational changes, and material characteristics. The LDS shall have a surface area of
approximately 40 acres, and consist of a 300-mil thick geonet and a network of gravel trenches
that contain 4-inch diameter slotted PVC pipe, drainage aggregate, and a bottom cushion
geotextile. There shall be one sump associated with the LDS. The primary liner shall consist of
a smooth 60-mil HDPE geomembrane.

The method outlined by Giroud, et al. (1997) will be employed to calculate the ALR and confirm
the maximum expected head.

ANALYSIS

Liquid flow through defect in primary geomembrane

Liquid migration through a liner occurs essentially through defects in the geomembrane.
According to Giroud, et al. (1997) (see Attachment A, 3/6) the rate of liquid migration through a
defect in the geomembrane is given by the following:

Q=(2/3)d?/gh Equation (1)
where:

Q = flow rate through one geomembrane defect, m®/s

d = defect diameter, m

g = acceleration due to gravity, 9.81 m/sec?

hprim = head of liquid on top of primary liner, m

According to the EPA, common practice is to assume that the diameter of a leak in the
geomembrane is equal to the thickness of the geomembrane (i.e. 60 mil, 0.001524 m).

Based on the proposed grading for Cell 4A (Attachment B, 1/1) and the operational constraint of
maintaining 3 feet of freeboard within the cell, the maximum height of liquids above the primary
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geomembrane will be approximately 37 feet (11.3 m). Placing the above values into Equation 1
results in the following maximum flow rate per defect:

Q = (2/3)(0.001524m)* ,/(9.81)(11.2776m) = 1.63 x 10" m*/sec

= 1.41 m¥day
= 372 gal/day

Maximum flow rate within geonet
According to Giroud, et al. (1997) (see Attachment A, p. 2/6) the maximum flow rate within the
leak detection layer geonet is given by the following:

Qun = K tred® Equation 2

Where:
Qrun = maximum flow rate within the geonet; to be determined, m*/sec
k = hydraulic conductivity of geonet; see below, m/sec
t_cL = thickness of leak detection layer; 300 mil, 0.0076 m

Hydraulic conductivity of Geonet, k

Attachment C, 2/2 shows a transmissivity curve for a 300 mil thick geonet sandwiched between
two HDPE geomembranes tested for a duration of 100 hours. Based on the transmissivity and
the thickness of the geonet, a hydraulic conductivity can be estimated for a variety of normal
stresses and hydraulic gradient conditions.

Based on the site grading (Attachment B, 1/1), a maximum thickness of waste material
(tailings/slimes) and final cover system of 40 feet will be placed above the liner system.
Assuming a unit weight of 125 pounds per cubic feet (pcf), a normal stress of approximately
5,000 pounds per square foot (psf) will be exerted on the geonet.

Graphing the permeability data for the 300 mil thick geonet under a normal stress of 5,000 psf
(Attachment D, 1/1), results in the following equation of the line:

k = 0.2868 %422V Equation 3

The hydraulic gradient is based on the longest drainage path (950 feet), slope of the geonet (1%),
and height of liquid above the liner system (37 feet, which accounts for the 3 foot freeboard).
Based on this information, the hydraulic gradient can be estimated as follows:

I = (37 ft + 950 ft x 0.01) / 950 ft = 0.049
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Placing the estimated hydraulic gradient of 0.049 into Equation 3 results in a hydraulic
conductivity of 1.02 m/sec.

Accounting for intrusion (RFy), creep (RFcr), chemical clogging (RFcc), and biological
clogging (RFgc), Koerner (Attachment E, 3/3) suggests the following partial factor of safety
values for secondary leak detection systems:

RFin 1.5t02.0 use 1.0 (no geotextiles on either side to intrude, test data
accounts for geomembrane intrusion)

RFcr 1.4t02.0 use 1.4 (low normal stress, 100 hour transmissivity data)

RFcc 1.5t02.0 use 2.0 (very low pH)

RFsc 1.5t02.0 use 1.0 (very low pH should preclude biological activity)

Applying these values to the hydraulic conductivity results in the following:

k = (1.02 m/sec) / (1.0 x 1.4 x 2.0 x 1.0) = 3.66 x 10" m/sec

Placing the geonet hydraulic conductivity and thickness into Equation 2 results in the following:
Qsun = (0.366 m/sec) (0.0076 m)? = 2.11 x 10”° m®/sec

Based on the anticipated flow through defects in the primary geomembrane and the allowable
maximum flow rate within the geonet, the following overall factor of safety results:

FS = (2.11 x 10° m*/sec) / (1.63 x 10° m*/sec) = 1.29

Therefore, the proposed 300 mil thick geonet leak detection layer can accommodate the
anticipated flow through defects in the primary geomembrane.

Action Leakage Rate (ALR)
The number of defects in a geomembrane is given by Giroud, et al (Attachment A, 4/6), as the
following:

N = (F)(ALcL) Equation 4

where:
N = number of defects
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F = frequency of defects (per m? of geomembrane)
ALc. = area of leakage collection layer; 40 acres, 161,900 m?

Using an assumed F = 1/2,500 m? (Attachment A, 4/6), the number of defects assumed in the
primary geomembrane is as follows:

N = (1/2,500)(161,900) = 65 (rounded up to nearest whole number)
ALR = (Q)(N)/acre Equation (4)
= (1.41 m®/day)(65)/40 acres = 2.29 m®/day/acre
= 604 gal/day/acre

Maximum flow rate to sump
Based on the area of the Cell 4A liner system, the following maximum flow rate to the sump is
anticipated:

Qsump = (604 gal/day/acre) (40 acres) = 24,160 gal/day = 16.8 gpm

A sump pump capable of a minimum flow rate of 20 gallons per minute at the head conditions
present (approximately 42 vertical feet plus piping losses) will be utilized to remove liquids from
the LDS.

Time of travel
According to Giroud, et al. (1997) (see Attachment A, 6/6) the travel time for the liquid to reach
the LDS piping system from the defect in the primary geomembrane is given by the following:

tiraver = (NX) / (k sin 3 cos B) Equation 5

where:
t travel = time for liquid to travel from defect in primary geomembrane to the
LDS piping; to be determined, sec
= porosity of geonet; 0.8
= distance from defect in primary geomembrane to LDS piping; 950 ft,

290 m
k = hydraulic conductivity of the geonet; 0.366 m/sec from above
B = slope of floor; 1%, 0.573 degrees
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Substituting the values into equation 5 results in the following:
tiravel = (0.8) (290 m) / (0.366 m/sec) (sin 0.573) (cos 0.573) = 63,388 sec = 17.6 hours

Therefore, the leak detection system geonet will allow for timely detection of liquids.

Head Above Liner, (h):

Knowing the maximum potential flow rate through a specific defect in the primary
geomembrane, and assuming a worst case condition where all primary liner defects are located at
the higher end of the leakage collection layer slope, liquid head build-up on the secondary
geomembrane is calculated using the following equation from Giroud, et al. (1997) (see
Attachment A, 5/6):

N .
tavgworst = —Q Equatlon 6
kiB
where:
tagworst = average thickness of liquid above secondary (bottom) geomembrane

under worst case scenario; to be determined, m

N = total number of defects in primary geomembrane; 65 from above
Q = flow rate through one defect in primary geomembrane; 1.63 x 10°
3

m°/sec

k = hydraulic conductivity of geonet layer above secondary geomembrane;
3.66 x 10™ m/sec from above

i = hydraulic gradient in leakage collection layer; 0.049 from above

B = width of leakage collection layer; 1,125 feet, 343 m (Attachment B, 1/1)

Placing the estimated geonet hydraulic conductivity, average thickness of liquid in the LDS, and
the thickness of the leak detection layer geonet into Equation 6 results in the following:

. ~ (65)(1.63x10°°)
2Ot (3,.66x10 7 m/ sec)(0.049)(343m)

tavgworst = 0.000172 m = 0.17 mm

The head on the secondary does not exceed 0.17 mm (0.006 inches), much less than the required
12 inch (1 foot) maximum.

SUMMARY AND CONCLUSIONS
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e Using the method outlined by Giroud, et al. (1997), and an N = 65, the ALR was calculated
to be 604 gal/day/acre.

e Liquids entering the geonet LDS layer will take less than one day to travel from the leak to
the LDS piping system.

e Assuming a worst case scenario under which all the primary geomembrane defects are
located at the high end of the leakage collection layer slope, the liquid head on the secondary
liner does not exceed 1-inch, well below the required maximum limit of 1-foot.

e The geonet provides sufficient flow rate to accommodate the ALR.
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The GSE Drainage Design Manual Appendix A

Boundary Conditions = Geemembrane/Geonet/Geomembrane

1.0E-02

1

Transmissivity (m”2/sec)

|
|
|
| Test Time = 100 hours| |

1.0E-G3 i ; ¢ 1 i I )\ 1 . : 1 : L i L . L
G.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.6
Gradient

Figure A-7 100-hour transmissivity data for a 300 mil biplanar geonet between two
geomembranes.

300 mil Double-sided Composite with 6 or § oz, Geotextiles |
Boundary Conditions = Geomembrane/Geocomposite/Geomembranc

1.0E-02

{Test Time = 100 hours{—

\

1.0E-03 \\ 1,000 psf

Transmissivity (m"2/sec)

- — i e SN
N\ ——
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SN {10,000 psf ez
\‘\‘_
{15000 pst|

1.01E-04 . i . 3 . 1 . : . L . ' N ' . : L L
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9 1.0
Gradient

Figure A-8 100-hour transmissivity data for a 300 mil biplanar geonet geocomposite between
two geomembranes.
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Designing with Geanets Chap, Sec. 4.1
4.1.6 Allowable Flow Rate Gl
: RF;
As described previously, the very essence of the design-by-function concept is the g
tablishment of an adequate factor of safety. For geonets, where flow rate is the primary RF.p
function, this takes the following form. ;
RF¢
= atow |
ES = {43) |
(}'rch R.FB(' |
where

HRF

FS = factor of safety (to handle unknown loading conditions or uncertainties
in the design method, etc.),

Tanow = allowable flow rate as obtained from laboratory testing, and
Greqe = required flow rate as obtained from design of the actual system.

Some guidc
given in Ta
informatios |
and Hquid 1,

. \
specific bas
the particul
ampies 4.2 ¢

Alternatively, we could work from Lransmissivity to obtain the equivalent relationship,

TS = By (4.4) tion factors
9rch

where @ is the transmissivity, under definitions as above. As discussed previoushv. how. Example 4.2
ever, it is preferable to design with flow rate rather than with ransmissivity because of Whati:
nonlaminar flow conditions in geonets. a roads

Concerning the allowable flow rate or transmissivity value, which comes from design

hydraulic testing of the tvpe described in Section 4.1.3, we must assess the reafism of rigid-p
the test setup in contrast to the actuai field system. If the test setup does not model site- Solutic
specific conditions adequately. then adjustments to the laboratory value must be made. Fa (4.
This is usually the case. Thus the laboratory-generaled value is an ultimate vaiue that
must be reduced before use in design; that s,

TABLE 4.

Tiliow < Gl o FOR DET

One way of doing this is to ascribe reduction factors on each of the jtems not ade- A
quately assessed in the laboratory test. For example,

Spart fic
: Capillar
] J (_4'5) Roof an
RF ‘IN x RFCR X RPCC X RFBC ' Retainin |

and so
Drainage |
Surface v

I fandfil’
Tattow = CIUH(HRF} (46) Secondas

(landfi
Primary |
(fandf

Fattow = quil[

or il all of the reduction factors are considered together.

where

auy = flow rate determined using ASTM D4716 or ISO/DIS 12958 for short-
term tests between solid platens using water as the transported liquid
under Iaboratory test temperatures,

*These val
the densily
issue,

!( £

Armeanent € Ty




~ith Geonets Chap. ¢ :

action concept is the es.
*flow rate is the primary

(4.3)

fitions or uncertainties

isting, and
actual system.

:quivalent relationship,
(4.4)

russed previousty, how-
tnsmissivity because of
ite, which comes from
it assess the realism of
1p does not model site-

v value must be made.
an ultimate value that

of the items not ade-

(45)

(4.5)

J1IS 12958 for short-
transported iiquid

Sec. 4.1 Geonet Properties and Test Methods 403

Ganow = allowable flow rate to be used in 12q. (4.3) for final design purposes,

RF,, = reduction factor for elastic deformation, or intrusion, of the adjacent
geosynthetics into the geonet’s core space,

RF ¢, = reduction factor for creep deformation of the geonet and/or adjacent
geosynthelics into the geonet’s core space,

RF ¢ = reduction factor for chemical clogging and/or precipitation of chemicals
in the geonet’s core space,

RFye = reduction factor for biological clogging in the geonet’s core space, and

[IRF = product of alf reduction factors for the site-specific conditions.

Some guidelines for the various reduction factors to be used in different situations are
given in Table 4.2. Picase note that some of these values are based on relatively sparse
information. Other reduction factors, such as installation damage, temperature effects,
and liquid turbidity, could also be included. If needed, they can be included on a site-
specific basis. On the other hand, if the actual laboratory test procedure has included
the particular item, it would appear in the above formulation as a value of unity. Ex-
amples 4.2 and 4.3 illustrate the use of geonets and serve to point out that high reduc-
tion factors are warranted in critical situations.

Example 4.2

What is the allowable geonet flow rate (o be used in the design of a capillary break beneath
a roadway to prevent frost heave? Assume tiat laboratory testing was done at the proper
design load and hydraulic gradient and that this testing vielded a short-term between-
rigid-plates value of 2.5 X [0+ mYs,

Solution: Since betler information is not known, average values from Table 4.2 are used in
Eqg. {4.5).

TAELE 42 RECOMMENDED PRELIMINARY REDUCTION FACTOR VALUES FOR EQ. (4.5}
FOR DETERMINING ALLOWABLE FLOW RATE OR TRANSMISSIVITY OF GEONETS

Application Area RFy RF cp* RFq¢ R¥ge
Sporl fields {01012 1.0to 1.5 1.0t0 12 L1to 1.3
Capillary bresks I.tto 1.3 10wl iltols tlto 13
Roof and plaza decks {2014 1.0w 12 1.6t 1.2 lLitol.3
Retaining walls, seeping rock, 1310 1.5 12wid Llwls 10te 15
and soit slopes .
Drainage blankets 13t 1.5 21014 {01012 i.0to 1.2
Surface water drains for 1.3tc 1.5 L.tio 1.4 10t012 12t01.5
landfill covers
Secondary leachate collection 1.5t02.0 14020 151020 151020
(landiills)
Primary leachate coliection 1.5t020 14t02.0 151020 15120

(iandfills)

*These values are sensitive to the density of the resin used in the geonet's manufacture. The higher
the density, the lower the reduction factor. Creep of the covering geatextile(s) is a product-specific
issue.
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